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Abstract 
The thermal response time of gas sensors based on self-heated nanowires is extremely fast (a few milliseconds). It 
makes it possible to observe the kinetics of the interactions between the gas molecules and the metal oxide surface. 
This feature paves the way to employ the self-heating effect in pulsed operation mode to improve the selectivity and 
analytical capabilities of metal oxide-based sensors. In this work we show the feasibility of using this approach in 
individual SnO2 nanowires for the quantitative analysis of carbon monoxide (CO) and humidity (H2O) gas blends. 
 
© 2011 Published by Elsevier Ltd. 
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1.Introduction 
One of the main limitations of conductometric gas sensors based on metal oxides is the poor selectivity 
and important cross sensitivity to common interfering gases such as humidity [1]. Any of the several 
solutions proposed so far (i.e. (1) selective absorbing filters [2], (2) catalytic additives [3], (3) sensor 
arrays and pattern recognition algorithms [4], or (4) working temperature modulation [5]) yield to a 
partial solution to the problem. 
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Fig. 1: (a) Scheme of one of the devices and equivalent electrical circuit for the self-heated operation. Reprinted with permission 
from Ref.[7]. Copyright Appl Phys Lett 2008, American Institute of Physics. (b) Bias current modulation, pulsed temperature profile 
and changes of the nanowires resistance in three different atmospheres. The magnitude of the resistance change in presence of a CO-
humidity mixture is not additive, compared with the values obtained with each gas separately.   
 
 
It has recently been reported that self-heating effect in individual metal oxide nanowires [6,7], which 
activates response to gases with power consumptions below tenths of microwatts, can also be used to 
modulate the sensors’ temperature profile at higher pulsing frequencies, making available the direct 
observation of the kinetics associated with the chemical interactions between the metal oxide and the 
gases of interest [8]. These features pave the way to employ the self-heating effect in pulsed operation 
mode to improve the selectivity and analytical capabilities of metal oxide-based sensors, keeping 
moderate power requirements. 
 
In this contribution we demonstrate that such effects enable an experimental methodology to improve 
the selectivity of metal oxide-based sensors based on the analysis of their fast response dynamics. 
Specifically, this work jointly analyzes the magnitude and response time of SnO2 nanowire-based sensors 
CO and H2O mixtures, proving that a quantitative analysis of CO–H2O gas blends can be achieved by 
modulating their work temperature through the self-heating effect [9]. 
 
2.Experimental details 
Sensors were fabricated by contacting individual SnO2 nanowires [10] in two-probe configuration onto 
suspended micromembranes [11] and operated in pulsed self-heated mode as described in detail 
elsewhere [7,8,12,13].  
 
3.Results and discussion 
Fig 1 shows the pulsed-mode response of a nanowire-based sensor to different CO-humidity blends. 
Data demonstrated that the modulation of the electrical resistance by the effect of CO and H2O increase 
monotonously with the concentration of both gases but it is not additive, which is a first evidence of the 
competitive behavior of these two species.  
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Fig. 2 (a) Detail of the dynamic response of a SnO2 nanowire operated in pulsed mode exposed to different atmospheres containing 
CO and increasing amounts of moisture. The response CO is accelerated by the presence of H2O. For clarity, the amplitude of all the 
signals was normalized. (b) Summary of the response time W to different CO-humidity blends. Data points are the mean value of the 
data obtained with ten devices. Error bars were calculated as the standard deviation of the previous data. Reprinted with permission 
from Ref.[9]. Copyright Appl Phys Lett 2010, American Institute of Physics. 
 
 
Concerning the sensor’s dynamic response, there is also a crossed-influence (Fig 2). For low CO 
concentrations, the presence of water makes the response time decrease remarkably, even reaching 
saturation, hinting again to the existence of competitive processes.  
 
This surprising acceleration, which was unnoticed before due to the slower dynamic response of 
common micro-macro sensors, can give way to methods for the quantitative analysis of CO-humidity 
mixtures by means of one single low power consumption sensor. As a matter of fact, Fig 3 shows the 
results obtained in the separation of 20 CO-humidity mixtures using a simple algorism based on double 
entry calibration tables of the magnitude of the response and the response time of the sensors to different 
CO-humidity blends. 
 
 
 
 
Fig. 3: Results of the quantitative analysis of 20 CO-humidity mixtures using the algorithm deceived in the text. Deviations of less 
than the 15% of the nominal concentrations were obtained in all cases. Reprinted with permission from Ref.[9]. Copyright Appl 
Phys Lett 2010, American Institute of Physics. 
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4.Conclusion 
In conclusion, it was shown that pulsed self-heating in individual SnO2 nanowires can be used for the 
quantitative analysis of their gas response toward CO-humidity mixtures, with an electric consumption 
lower than conventional solid state gas sensor technologies. This result shows one new practical use of 
nanotechnology in real world sensing applications. 
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